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The AMADEUS collaboration has the goal to perform unprecedented measurements in the field 
of the low-energy charged kaons-nuclei interactions, by implementing the existing KLOE detec- 
tor with a dedicated setup in the inner region. As a preliminary step towards the realization, the 
AMADEUS team has analyzed the existent 2002-2005 KLOE data, studying the processes result- 
ing from the negative kaons nuclear absorption in the entrance wall of the KLOE Drift Chamber 
(containing mostly carbon) and in the gas filling it, mostly helium. Processes containing Ap and 
Ad in the final state were looked for, together with the search for the A(1405) going in both the 
neutral and the charged 'Ln channels. These analyses produced unique results, proving the possi- 
bility to obtain, for the first time, invariant mass spectra of the A(1405) for all the possible decay 
channels. This was possible thanks to the unique features of the KLOE detector, including the 
excellent photon detection of its calorimeter. In addition to these results, other interesting effects 
like the E — A internal conversion could be investigated. Preliminary results on the Z+;r^ decay 
channel and on the E — A internal conversion will be presented. 
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1. Introduction 

The KLOE [1] detector at DAONE [2] represents a unique opportunity to perform a complete 
study of the A(1405) resonance through all its three Ztt decay channels simultaneously [3, 4, 5]. 
The importance of these measurements rely on the possibility to compare the different results for 
the various decay channels, investigating their contributions to the final resonance shape. The 
situation is compUcated due to the presence of a second resonance, the £(1385), whose contribution 
to the final A(1405) spectra can not be easily substracted. Very promising and interesting results 
have been already obtained for the iPn^^ decay channel [6], to which, for isospin selection rules, 
the £(1385) resonance can not decay. This work is focused on the preliminary analysis of the 
£+71^ decay channel for events in which a K interacts with a proton in a '^C nucleus; in this 
case, one has to take also into account the presence of the second resonance which affects the 
£+71^ invariant mass spectrum. Investigating all the possible background sources, some evidence 
of possible internal £ — )• A conversion [7] was found. In section 2, an overview of the KLOE 
detector is given, while in the third one the events selection is presented. In section four, the results 
of the MonteCarlo simulations and of the study of all possible background sources ai^e discussed; in 
section five the internal conversion hypothesis and its consequences are explored and the resulting 
spectra are shown and discussed. In section 6, the final £+71^ invariant mass and momentum 
spectra are shown. 
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2. DA4)NE collider and the KLOE detector 



The KLOE detector is installed at the DAONE collider of the Laboratori Nazionali di Frascati- 
INFN [2], where the <I> resonance is created, almost at rest, via the collision between 510 MeV/c 
momentum electrons and positrons. The decay products of the <I> resonance, mostly kaons and the 
particles reusulting from their interactions, are then detected by the KLOE detector. The KLOE 
detector has a ~ 4?! geometry and an acceptance of 98%; it consists of a large cylindrical Drift 
Chamber (DC) and a fine sampling lead-scintillating fibers calorimeter, immersed in an axial mag- 
netic field of 0.52 T provided by a superconducting solenoid, see fig. 1 



7 m 




6 m 



Figure 1: Section of the KLOE detector along the x-z plane. 

The DC [8] has an inner radius of 0.25m, an outer radius of 2m, a length of 3.3m and is 
centered in the interaction point. The whole DC mechanics is made of carbon fiber. The chamber 
is uniformly filled with 12582 drift cells, organized in coaxial layers (12 inner and 46 outer). The 
gas mixture selected to fill the chamber is composed 90% in volume of '^He and 10% of C4//10 
(Isobutane). The chamber is characterized by excellent position and momentum resolutions. Tracks 
are reconstructed with a resolution in the transverse 7? — plane Or^ ~ lOOjim and a resolution 
along the z-axis o^ ~ 2 mm. The transverse momentum resolution for low momentum tracks ((50 < 
p < 300)MeV/c) is ^ ~ 0.4%. 

The KLOE calorimeter [9] is composed of a cylindrical barrel and two endcaps, providing a 
solid angle coverage of 98%. The volume ratio (lead/fibers/glue=42:48: 10) is optimized for a high 
Ught yield and a high efficiency for photons in the range (20-300)MeV/c. The average density is 5 
g/cni^ and the radiation length is Xq ~ 1.5 cm. 



3. X^n events selection 



The main subject of this work is the study of the A(1405) resonance through the Z+TT decay 
channel: 

K p -^ A(1405) -^ L-^Ti- -^ {pTi^)Ti~ 
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where the n^ is reconstructed trough the identification of the two photons {n^ — )• yy). The analyzed 
data were taken from 2002 to 2005 by the KLOE collaboration and correspond to ~ 560pb^^ . The 
analysis is performed, in a first stage, only for events occuring in the KLOE Drift Chamber entrance 
wall which is mainly composed by ^^C. A first event selection is performed requiring the presence 
of a K^ , which is always produced in pair with a K from the decay of the <I> resonance [10]; a 
further request is that the K two body decay products are not detected and reconstructed, since 
that would be a clear signature of a K not interacting with a proton. Then we require the presence 
of at least one proton and one n^; since the decay path of the S+ is very short (cT ~ 2.4cm [10]), 
the proton and the pion are assumed to form a vertex in the KLOE events reconstruction algorithm. 

3.1 p - ;r identification and A(l 1 16) rejection 

Protons and negative pions ai^e identified from a two dimensional plot of their energy and 
momentum. The particle identification is done using energy information coming from the Drift 
Chamber wires and, only for the protons, also from the Calorimeter, while the momenta are recon- 
structed from the tracks collected in the DC; the final selection is performed via a two dimensional 
plot of energy and momentum. Since the most important part of the background is represented 
by events involving the presence of a A(l 1 16), all the events in which the pn^ invariant mass is 
compatible with a A have to be rejected. In order to do so, such events have been simulated in the 
KLOE detector and the resulting pn'' invariant mass spectrum is shown in fig. 2 
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Figure 2: pn invariant mass spectrum in MC simulated events of A(1116). The mass range in which 
events are rejected is deduced from the fit parameters. 



The spectrum is then fitted with a gaussian, determining the mass region in which events have 
to be excluded from the analysis in order to reject the A(ll 16). 
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3.2 Reconstruction of the 71° 

The tt" are reconstructed using the KLOE calorimeter, searching for pairs of neutral clusters 
(without associated track in the D.C.) in time with the pTi^ vertex. The selection of the best two 
clusters is done via the minimization, for each couple, of the quantity: 



X' 



{ty\ -tyzY 



(3.1) 



where ?yi 2 are the time in which the two photons cover the distance between the pn^ vertex and 
the calorimeter, with their propagated errors CJ,^,i2- In order to chose the best value for a correct 
selection/rejection of the reconstructed pion, the tt" coming from the two-body decay of the A'+, 
identified and reconstructed by KLOE, can be used. The resulting spectra are shown in fig. 3 
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Figure 3: n^ from K^ decay (up) and n'^ of our interest (down) minimization variable. In the lower plot, 
E+TT^ MC simulated n^ spectrum (red) is superimposed to the real data one (black). 

According to the upper plot of fig.3, a selection cut can be applied rejecting from the analysis 
all the events with x^ > 1- 



4. Invariant Mass spectrum of E+ — )■ p;r° 

Once all the final particles of our events type are selected, the pTi" invariant mass spectrum 
can be obtained to reconstruct the £+ ; the results are shown in the left part of fig. 4 where a clear 
double structure is found. 

From the MC simulation, the two components can be separated when observing the proton (or 
71°) momentum spectrum in the center of mass frame of the reconstructed £+, as put in evidence in 
in right part of fig. 4. When a real £+ is correctly reconstructed, the CM momentum value has to 
be peaked around the nominal PDG value for the £+ decay (189 MeV/c); the red spectrum shows 
how, when a £+ is simulated, the n:° momentum is reconstructed at the right value. The lower 
momentum bump visible in the real data can be thus associated with the low mass shoulder in the 
pn^ invariant mass. The association becomes evident when the pn^ invariant mass is reconstructed 
individually for the two momentum components; resulting spectra are shown in fig. 5 

4.1 Standard background analysis 

In order to explain the low mass peak, the possible sources of background have been studied. 
All the possible final states of a K^N interaction are listed in tab. 1 . 



Study ofL^Tt Invariant Mass spectrum with the KLOE detector. 



A. Scordo" 




0.16 






0.14 








0.12 


- 




1 


0.1 


- 






0.08 




r 




0.06 


- 


{\\ 


0.04 


\^ 


lA 


L 


0.02 


J^ 


^ 


^ 




,/,^^ 





950 1000 1050 1100 1150 1200 1250 1300 1350 141 
p-;t° Invariant Mass (MeV/c^) 



50 100 150 200 250 300 350 400 

1^° Momentum in Z* CM (MeV/c) 



Figure 4: Left: pn^ invariant mass spectrum; a clear double structure is seen with a peak at ^ 1 190 MeV/c^ 
(the right E+ mass value) and another one at lower masses. Right: Data (black) and MC simulation (red) 
plots of the p (or n^) momentum in the Z"*" center of mass frame. 
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Figure 5: pTc" total invariant mass spectrum (black) and individual spectra for the real E+ (green) and for 
the low momentum component (red) 
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Table 1: Possible interactions between K and nucleons 

In the last column, an explanation of how these events are already excluded from the analysis 
is given. Where this rejection is made only via the cut on the A(1116) described in the previous 
section, detailed MC simulations have been done in order to understand how much, after the cut, a 
residual background component is still present. Results from this investigation are shown, for the 
accepted £+ center of mass momentum region, in fig. 6. 
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Figure 6: A;::" (red) and iPn^ (green) MC simulations; the residual component ratio, whith respect to E+tt 
MC (black) are indicated in the spectra 

From the background ratios in fig. 6 it becomes evident that the standai^d hadronic background can 
not be the right explanation for the low mass peak in the p'nP invariant mass spectrum. These ratios 
are obtained with a normalization, in the number of events, between the MC of the background 
components and the signal spectra, taking into account the branching ratios available, unfortunately 
with big eiTors, in literature [11]. 
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5. The internal conversion hypothesis 

After the exclusion of the standard hadronic background, the remaining possibility is the inter- 
nal conversion effect [7] ; this effect consists in an interaction of the £+ with a nucleon of the same 
nucleus of the primary interaction, leading to the formation of a A( 1 1 1 6) , which can then decay in 
a neutron and a 71°. Given the same rejection factors of tab. 1, the possible remaining background 
interactions are: 



Interaction 


Int. Conv. Channel 


Final particles 


K-p^Y.+ n- 


E+ + « -5- A/7 


nTt" pTl' 


K-p^T+K- 


1+ + n^YPp 


n H'" YP ^^ 


k-p^yPk'' 


iP + n^L-p 


nn~ puP 



Table 2: Possible final states after internal conversion inK p interactions 

with the second one involving also the presence of a third undetected photon. According to these 
reactions, if internal conversion occurs the final particles are exactly the same as the final particles 
of the signal events; the only difference are that the protons and the 71° are not coming from a £+ 
decay (leading to the low momentum component of fig. 5) and that a neutron is not bound in the 
spectator C^B) of the primary interaction but is coming from the A decay. To test this hypothesis, 
a study of the missing mass of the remaining 5n6p, which should be different in the two cases was 
performed. The results of this investigation are shown in fig. 7 
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Figure 7: 5n6p missing mass spectrum; the events corresponding to the real signal (selected from the pn^ 
center of mass momentum) of the tt" are shown in red, while the background events are shown in black. The 
blue line represents the "B mass while the violet one represents the free 5n+6p mass. 

According to fig. 7, as expected, the events corresponding to the signal events show a missing 
mass compatible with the ^^B one, which acts as spectator in the primary interaction, while in the 
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other events the only information that can be exctrated is that no complete fragmentation of the 
nucleus is observed, being the missing mass peaked at lower masses than the free 5n+6p mass and 
indicating some residual binding energy between them. This is today still a controversial subject 
and important information could be exctracted from further analysis. 

6. E+:;r invariant mass and momentum spectra 

After the identification of the £+ signal, the final "L^n^ invariant mass and momentum spectra 
can be constructed. The plots are shown in fig. 8. 
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Figure 8: The final E+tt invariant mass (left) and momentum (right) spectra. 

It is important to notice that these final plots do not represents the "pure" A(1405) resonance 
mass and momentum, since they are affected by the presence of the £(1385) resonance and of the 
non-resonant K p interaction events, whose contribution has to be disentangled. The momentum 
spectrum shows two components around 100 MeV/c and 200 MeV/c; this is in complete agreement 
with the results obtained in the analysis of the YPk^ channel performed on the same data [6], where 
these two components have been demonstrated to correspond respectively to in flight and at rest 
K p interactions. 

7. Conclusions 

In this work we presented the preliminary results obtained for the study of the Z+tt^ channel 
in the K^ p interaction in carbon with the KLOE detector at DA<I>NE. We discussed the obtained 
results considering the £+« internal conversion contribution, supporting this hypothesis with a 
missing mass spectrum of the residual 5 neutrons and 6 protons. The study of this channel repre- 
sents an open field with many questions to be answered, where important new information could 
be deduced from further analysis of our data. We showed also the £+;r^ invariant mass and mo- 
mentum spectra underlying their compatibility with the results obtained on the IL^TiP events in the 
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same data. A more detailed MC simulation of the three internal conversion channels events turned 
out to be necessary in order to quantify their contributions to the final spectra; in this way, it could 
be also possible to improve the existing value of the related branching ratios. For what concerns 
the investigation of the A(1405), an acceptance correction of the final spectra, together with a fit 
involving the two resonances and the non-resonant events, is undergoing. 
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